Transcription factors are rapidly and transiently induced in brain by excitatory stimuli and may be important in coordinating changes in gene expression underlying neuronal plasticity. In contrast to their transient induction after stimulation, certain transcription factors display stable, relatively high basal levels of expression in brain. Here we demonstrate that this "constitutive" expression of the transcription factor zif268 in cortex is driven by natural synaptic activity. Blockade of afferent visual activity with intraocular iiiections of tetrodotoxin results in rapid, dramatic reductions of Zif268 mRNA and immunoreactivity in visual cortex. Moreover, dark-adaptation for several days lowers zif268 expression in visual cortex, and expression rapidly returns to control levels upon subsequent light exposure. Several other transcription factors, which are induced in cortical neurons by excitatory stimuli, appear less responsive to changes in natural sensory input. These studies suggest that transcription factors play a role not only in responses to artificial stimuli but also in the normal maintenance of cortical physiology. Anatomic markers for zif268 may be useful in mapping normal cortical activity in brain.
zif268 expression in visual cortex, and expression rapidly returns to control levels upon subsequent light exposure. Several other transcription factors, which are induced in cortical neurons by excitatory stimuli, appear less responsive to changes in natural sensory input. These studies suggest that transcription factors play a role not only in responses to artificial stimuli but also in the normal maintenance of cortical physiology. Anatomic markers for zif268 may be useful in mapping normal cortical activity in brain.
Classical studies of visual cortex have established a critical role for afferent activity in normal cortical development (1) (2) (3) . More recent studies have demonstrated that interference with sensory input in adults also affects the neurotransmitter and enzyme phenotype (4) (5) (6) (7) , as well as the synaptic connectivity (8) , of cortical neurons. Attention has therefore been focused on identifying mechanisms mediating the trophic effects of naturally occurring afferent activity in adult neocortex. Transcription factors, rapidly induced by cellsurface receptor stimulation, are thought to mediate longterm effects of growth factors on cellular activity (9) . It has been suggested that these factors may play an analogous role in stimulus-induced neuronal plasticity (10, 11) . A However, to assess a role for these factors in mediating trophic effects of naturally occurring synaptic activity in adult neocortex, it is essential to determine whether they are regulated by normal spontaneous synaptic activity. We therefore examined the possibility that the relatively high levels of expression of zif268 and other transcription factor genes in cortex (14, 15, 19) Dark-adaptation was performed by housing normally reared, adult rats in complete darkness for 1 day to 3 weeks. All animals were sacrificed by guillotine decapitation.
In Situ Hybridization and Northern (RNA) Analysis. These procedures were done as described (14, 16) . For in situ analysis, control and experimental tissues are frozen in the same tissue block to assure identical hybridization conditions.
Gel-Shift Assays. Nuclear extracts from cortex and hippocampus were prepared by a modified method of Dignam et al. (20) as described by Sonnenberg et al. (21) . Gel-shift assays were done as described (22, 23) . Probes used were a doublestranded oligonucleotide site for Zif268
GATCCCCCTCGCCCACGCGA GGGGAGCGGGTGCGCTCTAG or a 38-base-pair (bp) fragment containing the AP-1 consensus binding site TCGACGGTATCGATAAGCTATGACTCATCCGGG GCCATAGCTATTCGATACTGAGTAGGCCCCCTAG.
Immunohistochemistry. Affinity-purified rabbit polyclonal antisera selective for c-Jun and Zif268 were used. Tenmicron cryostat sections of mouse or rat brain were fixed in 1% paraformaldehyde, and immunoreactivity was detected by the ABC immunoperoxidase method (Vector Laboratories) as described (24 tTo whom reprint requests should be addressed.
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( Fig. 1) . Similar results were also obtained in mi Reductions after MK-801 were dose dependent i! of 0.3 mg/kg (n = 3) to 3 mg/kg (n = 4). Similar declines in Zif268 sequence-specific DNA-bindi ( Fig. 1C) (22, 23) .
dark-adapted rats to ambient laboratory light (=30 lux) tosequence rapidly increased Zif268 mRNA (Fig. 4) (28) . *Note that hybridization signal is higher in the binocular region than inthe monocular region (medial arow to asterisk). In situ hybridization was done as described (14, 16 
DISCUSSION
The major finding of this study is that natural synaptic activity regulates the "constitutive" expression of zif268 in rat cortex. This conclusion is supported by the rapid reduction of Zif268 mRNA, sequence-specific DNA-binding activity, and immunoreactivity after systemic administration of NMDA-receptor antagonists. Similar rapid reductions in Zif268 mRNA and immunostaining follow intravitreal injections of TTX. We have also found that expression increases rapidly after light exposure in dark-adapted animals. Taken together, these findings suggest that the constitutive levels are maintained by tonic production of short-lived mRNA and protein in response to visually induced synaptic activity. The steady-state expression of zif268 in normal cortex contrasts with its rapid and transient induction after seizures (14) or high-frequency synaptic stimuli (16) . Nevertheless, the stable high level of expression in cortex appears to involve rapid turnover of Zif268 mRNA and protein.
Previous studies indicate a role for NMDA receptors in the synaptic regulation of Zif268 in hippocampus (16) . In the present study, NMDA-receptor antagonists rapidly reduce basal expression of zif268 in cortex. Mechanistic interpretation of this result is complicated by the fact that NMDA receptors are activated during normal excitatory transmission in cortex (34, 35) . Accordingly, effects of NMDAreceptor antagonists in cortex cannot be easily distinguished from a general reduction of activity. Transmitter mechanisms involved in regulating zif268 in normal cortex, therefore, remain to be identified.
Retrograde-tracer studies using rhodamine-conjugated latex microspheres demonstrate that Zif268 immunostaining is associated with pyramidal neurons of layers IH-III and V-VI as well as with a dense population of cells in layer IV, which may be small pyramidal neurons (33) . Intraocular TTX reduces Zif268 immunostaining in all cortical layers, indicating that activity regulates expression of Zif268 in several neuronal subtypes.
Markers for c-fos have proven valuable for monitoring neuronal activity and are induced by novel-physiologic stimuli in the spinal cord (12) and suprachiasmatic nucleus (17, 18) . In the adult cortex, however, c-fos does not appear to be rapidly responsive to alterations of physiological activity. The selective responsiveness of zif268 suggests that markers for this transcription factor may be especially useful for monitoring natural synaptic activity in cortical neurons.
Monocular deprivation in adult animals changes cytochrome oxidase (4) (5) , calcium/calmodulin-dependent protein kinase (6) , and neurotransmitter expression (7) in neurons of the visual cortex, suggesting that activity is critical for maintaining normal neuronal phenotype. These changes typically occur within days of monocular deprivation and are relatively slow compared with changes in expression of zif268. The rapid and selective regulation of Zif268 mRNA and protein in cortex by natural activity suggests a special 
